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Abstract 
This article describes method of heavy gauge welding using laser radiation as beam source of energy. The article contains the 
results of single-pass laser-arc welding and multipass laser welding with filler wire; highlight benefits and drawbacks of each 
welding method. The results obtained were compared with the traditional methods of welding of the same thickness. 
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1. Introduction 
Currently the problem of heavy gauge metal welding (15 mm and thicker) remains urgent. Such material 
thickness is welded with the help of traditional well-proven fusion technology, as MIG/MAG welding, TIG welding 
with wire feeding, submerged arc welding (SAW), electroslag welding, etc. These methods have their benefits and 
drawbacks. One of the drawbacks is the necessity of preliminary cutting of edges to form ɏ-shaped or V-shaped gap 
at an angle 45º or 60º, which is material and time consuming. Another drawback is that welding process requires 
several passes (20 mm thick material requires about 10 passes), which makes the process long enough (1 m long and 
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50 mm thick joint weld is being prepared for dozens of hours). Multipass process and wider gap cause overheating 
and increase of heat affected zone (HAZ), and as a result, weakening and contraction of workpieces. 
In this work, technological welding processes with high-power ytterbium fiber laser radiation will be reviewed; 
single-pass laser-arc welding with deep penetration, and multipass narrow gap laser welding with wire feeding will 
be discussed; benefits and drawbacks of these processes will be highlighted and compared with the traditional 
welding processes. 
2. Experimental equipment 
To accomplish this work universal robotic spot welding cell LaserWeld 30R120 produced by “IRE-POLUS” Ltd, 
was used. See Fig.1. 
The unit consists of: 1 – 30 kW fiber ytterbium laser; 2 – temperature control system: chiller PC– 1001; 3 – 
controller KUKA; 4 – robot KUKA KR120; 5 – welding head KUGLER FL-690; 6 – DKP 400; 7 – universal 
welding table; 8 – inverter power source TPS 9000; 9 – air extraction system. 
3. Single-pass laser-arc welding 
Due to optical systems, laser radiation enables high-energy concentration in a small spot. It is known that metal 
welding process requires power density of approximately 105 – 107 watts per square centimeter [Grigoriants et al. 
(2008)]. For large penetration depth, it is necessary to ensure power directly proportional to the welding depth (1 
mm § 1 kW). Such power may be obtained with high-power continuous fiber or ɋɈ2 lasers. Metals absorb radiation 
more efficiently in the near infrared region; thus, fiber laser emitting radiation at a wavelength of 1.06 μ was chosen 
for this work. Fiber lasers have a number of benefits in comparison to gas lasers: they do not require expendable 
gases (He, N2, and CO2), have higher efficiency, the radiation is supplied by transport fiber, requiring no 
adjustment, which is particularly important for welding process. Fiber lasers also have longer lifetime and stable 
radiation. 
             a         b 
Fig. 1. Trial unit: (a) real; (b) scheme. 
As a result of hybrid laser-arc welding implemented in certain modes, defect-free weld joint is formed which is 
distinguished by weld reinforcement, as of the face as of the back side. In addition to the effect on weld geometry, 
arc process significantly influences thermal cycle. It becomes gentler, resulting in wider range of welded steels 
without their preliminary and subsequent heat treatment. 
Let us consider the physical process of laser-arc welding schematically using the example of a butt joint of plates. 
The first effect on the material is caused by laser radiation, which is fed precisely over the joint; evaporate metal 
therein forming a keyhole through the entire thickness of the welded plates. The resultant keyhole effect allows 
delivering laser energy to the entire depth of the workpiece and performs a major role in the hybrid laser-arc 
welding. The reverse weld reinforcement is formed due to the molten metal sagging under its own weight. Along 
with the laser radiation, a process of arc welding with filler metal feeding is taking place. Arc welding allows adding 
material into a liquid molten pool, thereby eliminating such defects as a concavity (undercut). By changing the 
distance between the laser source and the torch, it is possible to vary thermal cycles of heating and cooling, making 
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them gentler or tougher. A welding torch can also be used for inert gas feeding, and allows to protect molten pool 
and hot metal from the interaction with the ambient environment. 
Fig. 2 shows macrosections of welded joints of titanium and steel alloys 09Ƚ2ɋ and ɋɬ3ɫɩ. For butt joints of 
steel ɋɬ3ɫɩ 1 mm - 20 mm thick optimum geometry welds were obtained.   
The main benefits of hybrid welding are as follows: "knife" penetration – single-pass welding of material up to 
20 mm thick; high productivity - welding speeds up to 15 m / min; small deformation of the workpiece. The 
drawbacks are: the cost of equipment increases in proportion to the thickness of welded material; defectless welding 
of material with thickness over 20 mm. Thus, by increasing the thickness of the welded material the volume of 
liquid molten pool increases, that complicates and destabilizes the process. It is necessary to use additional 
instruments (backup, work angles), which makes the process of laser welding more complex. 
 
 
Fig. 2. Macrographs of transverse cross sections (butt joint without a gap): (a) 6 mm thick titanium; (b) steel 09Ƚ2ɋ 10 mm thick; (c) steel ɫɬ3ɫɩ 
20 mm thick. 
4. Multipass laser welding with filler wire 
For welding of heavy-section materials, a fundamentally new approach discussed earlier in the work [Zhang et al. 
(2013)] was offered. Fig. 3 schematically shows a method of multipass narrow gap welding with filler metal 
feeding. Fig. 3. Schematic basic diagram of multipass laser welding with filler metal feeding. 
 
 
Fig. 3. Schematic basic diagram of multipass laser welding with filler metal feeding. 
The left-hand side of Fig. 3 shows a joint weld macrosection made according to this method, and the right-hand 
side shows a longitudinal section. During the first pass, root of the seam is welded using laser radiation alone, after 
that, sequentially the rest of joining gap is sealed. The results of the work with 25 mm thick steel are shown in Fig. 
4. 
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Fig. 4. Cross-section of the joint weld of steel plates 25 mm thick: (a) Transverse cross-section; (b) longitudinal cross-section. 
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5. Comparison of welded joints obtained during different welding procedures. 
For comparison, Fig. 5 shows macrosection of welded joint made by traditional arc welding with filler metal fed 
in a V-shaped gap. The width of this joint range from 30 mm at the top of the weld to 5 mm at the root. HAZ is up to 
five mm. Use of the back support in this case allowed to form a weld without a concavity. Eleven passes were made 
to form the weld; single pass welding speed  0.4 m / min. 
Fig. 6 shows a macrograph of welded joint made by hybrid laser-arc welding. The width of the welded joint is 2 – 
2,5 mm. HAZ is less than 1 mm. Welding was performed in the lower position in one pass. The welding speed was 
1.0 m / min; the required laser power is 19 kW. 
 
 
Fig. 5. Traditional semiautomatic welding of 20 
mm thick steel.  
 
Fig. 6. Hybrid laser-arc welding of 20 mm 
thick steel.  
 
Fig. 7. Multipass laser welding of 
25 mm thick steel with filler metal 
feeding. 
Fig. 7 illustrates macrosection of a welded joint made with the help of multipass narrow gap laser welding with 
cold filler metal feeding. Joint weld width is 2-4 mm. Heat affected zone is less than 1 mm. The edges were 
prepared to form Y-shaped gap. The weld was carried out for eight passes with preliminary laser welding of root 
face. Welding speed was about 1 m / min for one pass. Laser power used was up to 6 kW. 
Table 1. Relative comparison of welding processes. 
Welding type Joining gap geometry Comparative filler metal 
consumption 
Comparative 
efficiency 
Welded 
material 
thickness 
Gas shielded arc 
welding (MIG/MAG) 80 1 any 
Laser-arc welding 1 40 up to 20 mm 
Multipass narrow gap 
laser welding  8 10 any 
 
Benefits of multipass laser welding with filler metal feeding: 
• Weld depth is not dependent on laser source power. 
• The structure of the weld is cellular-dendritic, without large grains, with minimal heat affected zone. 
• The structure of the weld is less inclined to hot cracking formation. 
Drawbacks of multipass laser welding with filler metal feeding: 
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• It takes several passes to weld the entire depth. 
• The thicker material is the longer electrical stickout with uncontrolled feed point is. 
• After each pass, it is necessary to clean the weld from fumes. 
Table 1 shows the results of a relative comparison of the above welding processes. 
6. Conclusion 
1. Laser-arc welding is recommended for welding of steels with wall thickness up to 20 mm. The process 
ensures high performance, quality and cost efficiency. 
2. For welding of materials with wall thickness over 20 mm, it is recommended to use multipass narrow gap 
laser welding with cold filler metal. The method allows using lower-powered lasers, which is more 
economically feasible. Narrow gap laser welding provides for sufficiently high performance and weld quality 
compared to multipass arc welding. 
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